Several studies confirm that biodiversity loss endangers ecosystem services (ES) supply and human well-being. A better understanding of biodiversity-ES relationships and effects of biodiversity loss on ES supply is needed. The objective was to determine relationships between potential biodiversity and three ES in Patagonia where cattle ranching under silvopastoral use occurs. We used grids of potential biodiversity (plant species richness) and three ES, provisioning (cattle stocking rate), regulating (CO 2 sequestration) and cultural (geo-tagged digital-images). Potential biodiversity was negatively related to provisioning, but no significant relations were detected with regulating and cultural. These relations showed regional differences related to forest landscape distribution. High values of regulating were found in southern areas being coincident with high potential biodiversity. Opposite trends (negative relationship with biodiversity) was observed for provisioning in eastern and western regions where provisioning decrease from N-S. Results suggest that provisioning do not overlap spatially with the higher values of potential biodiversity maps, which is an advantage for land use planning when conservation and management requirements must be combined. Our results are the first contribution for Patagonia to underpin scientific and institutional efforts to connect biodiversity conservation with ES maintenance. However, further studies must be addressed including more ES and regions.
Introduction
The concept of ecosystem services (ES) has recently received increasing attention because its capacity to bridge connections between natural ecosystems and human society (Reyers et al. 2013) , as well as to integrate ecological, socio-cultural and economic approaches with knowledge building capacity and policy development (de Groot et al. 2010; Martínez Pastur et al. 2016a ). Understanding and quantifying constraints to multiple ES delivery and biodiversity is vital for developing management strategies for current and future human well-being (Maskell et al. 2013; Schindler et al. 2014 Schindler et al. , 2016 . Several studies agree that the loss of biodiversity can endanger ES provision and human well-being (Díaz et al. 2006; Meli et al. 2014; Felipe-Lucia & Comín 2015; Soliveres et al. 2016) since species: (i) regulate many ecosystem processes and functions that underpin ES, (ii) are ES itself and (iii) operate as a good indicator subject to different kinds of valuation Aslaksen et al. 2015) . In this sense, biodiversity is assumed to be critical to ES supply (MEA 2005) , although an understanding of links between biodiversity and individual ES are weak (Kremen 2005; Isbell et al. 2011; Maskell et al. 2013; Jax & Heink 2015) . Biodiversity and ES are both important for management and conservation targets. It is unclear to which extent there is an overlap between conservation objects when protecting ES and biodiversity, and to which extent ES replace or complement biodiversity conservation (Jax & Heink 2015) . The understanding of the nature of biodiversity-ES relationship and the possible effects of biodiversity loss on the delivery of ES is therefore critical (Balvanera et al. 2006; Cardinale et al. 2006; Harrison et al. 2014) .
The concept of ES consist of flows of materials, energy and information from natural capital stocks that combined with manufactured and human capital services produce human welfare sorted in four categories: provisioning, regulating, supporting and cultural services (Costanza et al. 1997; MEA 2005) . In this context: (i) biodiversity supports critical provisioning ES for people, such as food and raw materials (MEA 2005; Loreau & de Mazancourt 2013) ; (ii) regulating ES have been associated to several biodiversity attributes (e.g. pest regulation) (Harrison et al. 2014) and play a role of ecosystem processes regulator ; (iii) supporting ES have been directly connected to biodiversity, such as primary production or nutrient cycling of natural ecosystems (Zhao & Running 2010; Maskell et al. 2013; Harrison et al. 2014 ) and (iv) cultural ES are clearly linked with biodiversity though increasing well-being and satisfaction caused by aesthetic values based on emblematic species and habitats (Díaz et al. 2006; Sandifer et al. 2015; Martínez Pastur et al. 2016a ).
Policies to promote ES supply while safe-guarding biodiversity conservation are increasingly demanded by researchers, land managers and society (HainesYoung & Potschin 2010; Felipe-Lucia & Comín 2015) . Managing natural ecosystem requires the analysis of trade-offs and synergies between conservation and economic efforts (Tallis et al. 2008) . Several recent studies revealed cost-effective management schemes to enhance ES provision while protecting biodiversity (Felipe-Lucia & Comín 2015) . Lands aimed at agroforestry, e.g. areas under permanent pastures combining forestry and grazing, offer provisioning ES vital for human well-being and constitute a key component of the global economy (Millennium Ecosystem Assessment (MEA) 2005; McCouch et al. 2013; Duru et al. 2015) . These agroforestry land-use systems greatly increased during the last years, e.g. global food production increased 2.5 times from 1960 to 2000 (Millennium Ecosystem Assessment (MEA) 2005), leading to a land use intensification with loss of crucial natural and semi-natural habitats (Foley et al. 2005 ) on which biodiversity is depending (Tilman et al. 2001; Duru et al. 2015) . However, agroforestry systems provide advantages compared with conventional agricultural and forest production methods due to better biodiversity conservation and multiple ES supplies (Fischer et al. 2011; Durán et al. 2014) . Agroforestry provides multiple ES and combines the provision of animal and forestry products with non-commodity outputs, such as climate, water and soil regulation, and recreational, aesthetic and cultural heritage values (McAdam et al. 2009; Smith et al. 2013; Fagerholm et al. 2016) .
Usually, human welfare is measured in Tierra del Fuego (Argentina) by traditional provisioning ES: provide forage and habitat for cattle, or wood from harvesting (Peri et al. 2016; Martinez Pastur et al. 2016b) . However, Fuegian landscapes also host grasses, forbs, shrubs and trees in various communities that provide habitat to many native and several exotic species. Here, the relationship between biodiversity and ES is still poorly understood (Martínez Pastur et al. 2016a) , unlike in other parts of the world some of these relationships were identified (e.g. Harrison et al. 2014; Bennett et al. 2015; Cordingley et al. 2016) . Thus, the aim of this research was to identify relationships between biodiversity and ES in the central part of Tierra del Fuego (Argentina) dominated by agroforestry systems. For this reason, we analyse the relationships between plant species richness as the most often used surrogate for biodiversity and three representative ES of provisioning, regulating and cultural.
Methods
The study was carried out in the central area of Tierra del Fuego province located at Southern Patagonia (Argentina) (53°30ʹ to 54°30ʹ S, 66°30ʹ to 68°36ʹ W) covering 5,053 km 2 . A rainfall gradient from north (dry) to south (wet) defines the main vegetation units: the landscapes dominated by steppe of native grasses species in the north and the forest dominated landscapes in the south. For this study, the forest landscapes dominated by Nothofagus antarctica (G. Forst.) Oerst was selected (Figure 1(a) ). This tree species can growth up to 14 m height in high-quality sites, or as shrubs of 1.3 m height in xeric sites (Ivancich et al. 2014) . The N. antarctica forests cover 1.820 km 2 in Tierra del Fuego (Collado 2001 ) and are mainly used for agroforestry purposes (silvopastoral systems) where private ranches have been established in a transitional area with the Fuegian steppe (Peri et al. 2016) .
The relation between potential biodiversity and the three selected ES was analysed by a comparison of grid maps with estimated values for each studied variables (Schneiders et al. 2012) . We divided the study area in squares of 3.1 km 2 , resulting in 163 sampling units or windows. These units were defined using ArcGIS 9.3 software (ESRI 2008 ) and the Euclidean allocation of spatial analyst tool. Beside this, we assigned each sampling unit into a regional reference framework along N-S and W-central-E gradients, thus six combinations resulted (Figure 1(c) ). The studied gradients were determined by different drivers: (i) the northern area is influenced by a high proportion of steppe habitats while the southern area by a high proportion of forest habitats (Figure 1(a) ); (ii) the W-central-E gradient includes a climate gradient, with temperatures increasing and rainfall decreasing from west to east due to the influence of the Atlantic Ocean in the east (Kreps et al. 2012) . The eastern region has also higher human accessibility since the only national route and most of secondary roads go through it (Figure 1(b) ). In each sampling window we analysed the supply of provisioning, regulating, and cultural services using one service per group; and we characterized the potential biodiversity through specific developed maps (Martinez Pastur et al. 2016c , see Supplementary material, Annex 1 and 2): (i) For the provisioning ES we used a map of aboveground biomass of the understory species growing in N.
antarctica forest landscapes (kg dry matter.ha −1 yr −1 ) defined for each forest unit (Peri 2009 ). Based on this, we calculated the average cattle stocking rate (Holechek 1988 ) referred to the above-ground biomass allowance of the understory (bovine equivalent, ind.ha −1 yr −1 ) according to Borrelli (2001) . (ii) For regulating ES we used a map of average carbon fixation of N. antarctica forests. We calculated the average forest carbon fixation of each sampling window (ton.ha
) using CO 2 sequestration as a surrogate of gas regulation (Trabucchi et al. 2014; Felipe-Lucia & Comín 2015) . For this, we estimated the carbon fixation using the global MODIS net primary productivity (NPP) algorithm (Running et al. 2004 ) using spatially explicit NPP of the year 2014 based on Zhao & Running (2009) algorithm. Briefly, data were obtained from MODIS sensor collection 5 (C5) 8-day composite 1-km fraction of photosynthetically active radiation (FPAR) and leaf area index (LAI). Then, pixels were classified according to the N. antarctica forest cover based on Collado (2001) and Allué et al. (2010) maps. (iii) For cultural ES we quantified geo-tagged digital images of the study area that local people and visitors posted on the Panoramio web platform (Martínez Pastur et al. 2016a) . We quantified and mapped the photos considering the social and biophysical importance of four different cultural services (aesthetic value, existence value, recreation and local identity). We merged all the cultural services types in only one category for the further analyses and calculated the density of photos for each sampling window (photos per 10 thousand hectares). (iv) A map of plants species richness as surrogate of potential biodiversity (MPB) was recently developed for N. antarctica forests (see methods and main outputs in Martínez Pastur et al. 2016c ). In brief, using Ecological Niche Factor Analysis (Hirzel et al. 2002) a series of spatially explicit habitat suitability models was produces for 20 vascular understory plants in Biomapper 4.0 software (Hirzel et al. 2004 ). These models were generated from species-presence data collected in 535 surveys and 15 selected environmental explanatory variables. The MPB resulted from the combination of the 20 species specific habitat suitability maps (HSM) (Hirzel & Arlettaz 2003) , where species had been selected based on their importance (occurrence + cover) in N. antarctica forests (Martínez Pastur et al. 2016c ). The MPB showed in each pixel the average HSM values of the 20 understory plant species as an indicator of potential biodiversity of the site (0 minimum and 100 maximum potential biodiversity).
MPB values and the studied ES data were integrated into a Geographic Information System (GIS) based on ArcGIS 9.3 software (ESRI 2008) , contained unsigned 8-bit values and a resolution of 90 m. All files were projected in the World Geodetic System 1984 coordinates (WGS 84). The average value of each ES and the MPB scores per grid cell were calculated with the zonal statistics tool of the spatial analyst extension in ArcGIS 9.3 software (ESRI 2008) . This tool calculates the average of all cells in the grid that belong to the same sampling window (Schneiders et al. 2012) , and in order to deal with the proposed objectives we conducted the following analyses: (i) a two-way ANOVAs comparing two levels of potential biodiversity (low and high) and the six regions (NE, SE, NC, SC, NW, SW) as predictors for each ES type (provisioning, regulating, cultural) as response variables, where mean comparisons were conducted by the Tukey test (p < 0.05); (ii) a one-way ANOVAs comparing potential biodiversity and ES types (provisioning, regulating, cultural) along the studied gradients (N-S and W-central-E) and Tukey tests to compare the mean values (p < 0.05); (iii) a principal components analysis (PCA) to determine the association between the two levels of potential biodiversity (low and high) with each ES type (provisioning, regulating, cultural) and (iv) to test the influence of the landscape on the relationship between each ES provision and potential biodiversity, a tendency graph was constructed comparing potential biodiversity and the different ES types (provisioning, regulating, cultural) along the studied gradients in the six geographically defined regions (cf. Figure 1(c) ). We used PC-Ord software for the PCA (McCune & Mefford 1999) . Only three components were generated in the PCA because three variables were utilized (the three studied ES types). The two first components were retained because explain 74% cumulative variance. The significance of the eigenvalues in the PCA was tested with Monte Carlo permutation test with 999 randomizations. Rotations were not applied.
Results
Plant species richness as surrogate of mean potential biodiversity values showed significant inverse relations with the provisioning service of above-ground understory species biomass (p = 0.001). Potential biodiversity did not relate with the supply of regulating and cultural ES throughout the regions (Table 1 ). The supply of regulating ES across the defined regions was significantly greater (p < 0.001) in southern than northern forests, while provisioning ES marginally changed among regions (p = 0.056) being greater in western than eastern forests. The supply of cultural ES did not change across the defined regions (Table 1 and Figure 2 ).
These trends were also detected in the multivariate analysis (Figure 3) . We observed an overlap between sampling windows with lower and higher values of potential biodiversity, although the low values of potential biodiversity group showed greater dispersion than the high-values group (Figure 3 ). Axis 1 (Eigenvalue = 1.225, explained variance = 40.8%) separated the sampling windows according to the supply of regulating and cultural ES (Eigenvector of 0.69 and 0.71, respectively).
Especially the last one was highly influenced by one hot spot occurring in the study area, the wellknown touristic and recreation site San Pablo cape in Tierra del Fuego (Martínez Pastur et al. 2016a) . Axis 2 (Eigenvalue = 1.002, explained variance = 33.4%) separated the sampling windows according to the supply of provisioning ES values (Eigenvector = 0.97). However, the Eigenvalues in the PCA for axis 1 and 2 was not significant (p = 0.081 and 0.425, respectively).
We detected some influence of the landscape over the provision of the selected ES and plant species richness as surrogate of potential biodiversity by influencing the relationship among them. Thus, potential biodiversity significantly changed in most of the studied gradients (Figure 4) . N-S significantly differed in central (p < 0.001) and E (p < 0.001) areas, while no difference was found in W area (p = 0.366). Higher values of potential biodiversity were found in S compared with N areas. Furthermore, W-central-E significantly differed in N (p < 0.001) and S (p = 0.012) areas. In general, higher values were found in W than E areas, where central area presenting intermediate values.
Cultural ES did not significantly changed across the studied gradients (p > 0.129), except for a single case (Figure 4 ) where W-central-E showed significant differences in the northern area (p = 0.002), because greater values of cultural ES were found in E than in central-W areas. Regulating ES significantly changed across the studied gradients (Figure 4) . If we consider the W-central-E gradient, N-S significantly differed in W (p = 0.004), central (p < 0.001) and E (p = 0.007) areas. Higher values of regulating ES were found in S than in N areas. If we consider the N-S gradient, W-central-E significantly differed in N (p < 0.001) and S (p < 0.001) areas. Higher values of regulating ES were found in W-central than in E areas. Finally, provisioning ES did not significantly changed across the studied gradients Table 1 . Effect of plant species richness as surrogate of potential biodiversity level (high-low) and the geographical region of the study area within the distribution of N. antarctica forest landscapes on the provision of ecosystem services (CES = cultural, RES = regulating, PES = provisioning, N = north, S = south, E = east, C = central, W = west) in Tierra del Fuego, Argentina. (all p-values > 0.075), except for a single case (Figure 4) where N-S significantly differed in the eastern part of the study area (p = 0.005), because greater values of provisioning ES were found in N than in S areas.
Discussion
4.1. Relation of potential biodiversity and the supply of the three selected ES Potential biodiversity and ES supply of the selected variables significantly changed at landscape level, being associated with different climatic, biophysical and social factors. The potential biodiversity in N. antarctica forests was greater than in other Nothofagus forests. For instance, the species occurrence in these forests varies along their latitudinal distribution range and habitat conditions, with different characteristic species from N to S, and from xeric to humid environments (Lencinas et al. 2008; Peri et al. 2016) . Also, economic human-related activities induced changes in biodiversity through harvesting and livestock grazing in silvopastoral systems (Peri et al. 2016 ). The map of potential biodiversity for the study area was built using habitat suitability models of understory plants, based on climate, topographic and forest variables (Martínez Pastur et al. 2016c) . Plant species that occurred in northern areas (areas with dry conditions and high mean temperatures) presented lower marginality values, while plant species in southern areas (high rainfall and lower mean temperatures) had higher marginality. In the studied forests, plant species are more specialized than in other forest types of Tierra del Fuego Island by presenting narrower environmental niches closely related to climate (e.g. rainfall gradient and soil moisture availability), topographic (e.g. altitude and exposition) and forest structural variables (e.g. crown cover that was closely related to light availability inside the forest) (Lencinas et al. 2008; Peri et al. 2016) .
In the study area, the supply of cultural ES is influenced by the closeness to water bodies (Martínez Pastur et al. 2016a ) due to aesthetic reasons (García-Llorente et al. 2012) and recreation activities (Abildtrup et al. 2013 ) mainly in the marine coastline. Also particular vegetation types supplied a higher level of cultural ES (Martínez Pastur et al. 2016a ) and it can be interpreted as an expression of phytophilia (García-Llorente et al. 2012; López-Santiago et al. 2014 ) determining more preferences for forests than grasslands ecosystem. However, local identity in Tierra del Fuego increased in grasslands due to human activities related to ranching activities. In the study area, human population is scarce, and visitors appreciate signs of civilization (e.g. ranch constructions or shipwrecks) which represents hot spots of cultural ecosystem services (CESs) (e.g. San Pablo cape). In addition, the accessibility is crucial for the supply of cultural ES. Areas with high levels of cultural ES are coincident with good accessibility (paves roads), as it was described in previous studies (e.g. Abildtrup et al. 2013; Richards & Friess 2015) .
Usually, the supply of regulating ES is related to intermixed relationships among biodiversity, ecosystem types, climate and topography (Harrison et al. 2014; Trabucchi et al. 2014; Felipe-Lucia & Comín 2015) . We choose as indicator for this ES group the CO 2 sequestration (Running et al. 2004 ) that has been previously proposed by several authors (e.g. Trabucchi et al. 2014; Felipe-Lucia & Comín 2015) . In this context, forest ecosystem pools and fluxes of C were strongly affected by historical land use (e.g. wood extraction and livestock pressure). This resulted in forests with different structures determined by changes in the proportion of crown classes, stand development stages (age) and the site quality where trees grown (Peri et al. 2010; Peri 2011; Kreps et al. 2012) . In our study case, forests growing in higher site quality and greater C pools are located in the ecotone with N. pumilio forests at the southern study area.
Finally, provisioning ES in the study area are mainly related with the supply of plant forage for cattle grazing and supply of biotic materials in form of wood harvesting (Peri et al. 2016 ). Cattle ranching is based on natural forage species growing under the forest canopy. The productivity and nutritive value of these forage (natural grasses) are dependent on the interaction of environmental (mainly soil water availability and light intensity) and management factors under the trees which determine the cattle performance (Peri et al. 2016) . Cattle stocking rate changed across the landscape based on the rainfall gradient decreasing from N-E to S-W (Kreps et al. 2012 ) and light availability under the tree canopy, where highquality site stands (greater height trees) or unmanaged stands provide lower light quantities inside the forests (Peri 2009; Peri et al. 2016) , and consequently less understory grasses. Timber is used by rural carpenters and fire wood, and it is still important in the area, although fossil gas is the main heating resource for local inhabitants (Gea et al. 2004) .
Several studies showed positive effect of biodiversity on ES supply (Quijas et al. 2010; Duru et al. 2015; Soliveres et al. 2016) . Biodiversity regulates ecosystem processes and determines delivery of several ES, where the adequate combination of biotic and abiotic components must occur at any particular place and time (de Groot et al. 2010; Mace et al. 2012 ). In the studied area, plant species richness as surrogate for potential biodiversity was poorly linked with the studied cultural ES values. This is mainly because the study area is a non-touristic place with low accessibility, and landscape perceptions are more important than existence values (Martínez Pastur et al. 2016a ). Contrary to our findings for Tierra del Fuego, many studies about biodiversity linkages with cultural ES described positive relations (Hough 2014; Sandifer et al. 2015) .
In the studied area, potential biodiversity was also poorly related to the studied regulating ES. CO 2 sequestration showed an strong relation with climate gradients, which in Tierra del Fuego are defined by annual rainfall and mean temperature (Peri et al. 2010; Kreps et al. 2012) , however many other climatic factors also have great importance over ecological processes that influence over tree growth and ecosystem dynamics (see Martínez Pastur et al. 2011; Peri 2011; Torres et al. 2015) . The proximity of other habitats associated with N. antarctica, either open or forested lands, affects the potential biodiversity of N. antarctica by supporting populations of ecotone species in both forest-steppe or forest-forest ecotone areas (Lencinas et al. 2008; Martínez Pastur et al. 2016c ). Contrary to several other studies across the globe, reviewed by Harrison et al. (2014) , we did not found evidence of associations between the studied regulating ES and biodiversity attributes for our Fuegian study area. Lastly, potential biodiversity was inversely linked with provisioning ES values, because higher cattle stocking rate occurred in the less valuable N. antarctica forest landscapes in terms of potential biodiversity. While forests with complete crown cover intermixed with other forested lands (close forest-forest ecotone) are the better areas for biodiversity, the open forests near sea shores (close foreststeppe ecotone) are the best zones for livestock production (Lencinas et al. 2008; Peri 2009; Peri et al. 2016; Martínez Pastur et al. in press) . Cordingley et al. (2016) also found that biodiversity value and provisioning ES were related to ecosystem characteristics in England (e.g. size of heathland patches). This indicates that trade-offs can occur between different ES, and between ES and biodiversity indicators (e.g. carbon storage, timber, aesthetic value, recreation) (Schindler et al. 2014) .
Potential biodiversity and the supply of ES in agroforestry landscapes
Several studies showed how biodiversity attributes affecting provision of ES by impacting the underlying ecosystem processes (Díaz et al. 2006; Harrison et al. 2014) . These studies were conducted at species level, group of species or at broader scale, analysing biodiversity impact over a single or multiples ES (Kremen 2005; Díaz et al. 2007; Luck et al. 2009; Poirazidis et al. 2011; Harrison et al. 2014) . In Tierra del Fuego, studies that relate biodiversity values and ES supplies have only been performed at stand level (e.g. Lencinas et al. 2008) , whereas our study is the first work that approach this type of analyses at landscape level, considering the study of some ES supply. The relationship between biodiversity and ES is often complex. The relations between biodiversity and ES are direct or inverse largely depending on the type of ES , where direct relations are more often detected with pollination services or cultural services (Lucas et al. 2014; Martínez Pastur et al. 2016a) . Beside this, species populations are the key unit in the supply of ES (Luck et al. 2003) because biodiversity is the factor on which ecosystems run and sustain their functions with a consequent impact on human economy (Deliège & Neuteleers 2015) . In our study area, livestock production (80% cattle, 20% sheep) is the main annual income from silvopastoral systems. Animal performance at the whole farm scale is presented by comparing traditional extensive grazing management with an adaptive silvopastoral management that includes strategic separation in homogeneous areas, stocking rate adjustment to forage availability (net primary production) and the protection of tree regeneration against animal (domestic or native) over-browsing (Peri 2009; Peri et al. 2016) . Silvopastoral management in N. antarctica forests maintained most of the original pastures characteristics. Also, the native herbivore populations (e.g. Lama guanicoe) use the same niches than cattle and sheep (Martínez Pastur et al. 2016b ). The challenge for sustainable management production is to apply technical solutions while avoiding the impairment of other ES, especially regulating ES. In fact, the capacity to maintain these provisioning ES are often maintained and enhanced by technical means (Lucas et al. 2014 ), e.g. irrigation, livestock management or seeding old pastures with more palatable forage species. Appropriate technical solutions remain difficult, especially for owners with few economic resources (Foley et al. 2011; Lucas et al. 2014) . Furthermore, technical solutions can have negative impact on the supply of regulating and cultural ESs as shown by Schindler et al. (2014) for European floodplains under multiple uses, including agriculture. Several authors suggested that maintaining high levels of plant diversity in agro-forest ecosystems shows a clear positive effect over provisioning ES (Quijas et al. 2010; Duru et al. 2015) . Also, maintaining heterogeneous landscapes, such as occurring in Tierra del Fuego, allows having high spatiotemporal biodiversity from small patches to the entire landscape level, increasing the chance of recovery of the associated biodiversity after any kind of impact (Duru et al. 2015) . This provides resilience and stability of ecological processes in changing environments (Tscharntke et al. 2012; Geijzendorffer & Roche 2013) , where biodiversity appears to regulate ecosystem processes and determine ES supply in agro-forest landscapes.
Conclusion
The intensification of agriculture and agroforestry has already shown that optimization of one or some ES (e.g. provisioning) are likely to reduce diversity and system stability (Cardinale et al. 2012; Lindenmayer et al. 2012) , as well as biodiversity (MEA 2005) . Recently, science and policy agendas on biodiversity moved to include ES assessments and recognized the crucial task of monitoring ES for determining the effectiveness and progress of policy frameworks (Geijzendorffer & Roche 2013; Liquete et al. 2016) . Understanding the processes behind forest ES provision, as well as their trade-offs with biodiversity conservation, is a useful tool to support spatial planning and land management (Poirazidis et al. 2011; CarvalhoSantos et al. 2015) . Trade-off between agroforestry practices and biodiversity has been widely reported, with major implications for environmental management (Cordingley et al. 2016) . Improved decisionmaking in land management relating to such tradeoffs requires empirical information on the relationships between ecosystem management and provision of ES at the landscape scale (de Groot et al. 2010) . Some previous studies have examined the impact of landscape-scale conservation management approaches on trade-offs between biodiversity and ES (Birch et al. 2010; Newton et al. 2012; Hodder et al. 2014; Cordingley et al. 2016) , and the challenge still is how to solve such trade-offs in the practice. In this paper, we analyse these relationships at landscape level for silvopastoral management and potential biodiversity considering three monetary and non-monetary ES. These analyses assist to identify the optimal allocation for different management options along the N. antarctica distribution (De Groot et al. 2010) , where the explicit consideration of trade-off choices should itself lead to improve the conservation proposals (McShane et al. 2011; Cordingley et al. 2016) . Productive system proposals in Tierra del Fuego generated few changes in the biodiversity, maintaining the original forest types (e.g. N. antarctica), the native fauna (e.g. large ungulates as Lama guanicoe) and most of the original understorey plants under the tree canopy (Peri 2009; Peri et al. 2016) . The current proposal for sustainable silvopastoral systems (Peri et al. 2016) aims to manage these forests to enhance multiple ES supply while protecting biodiversity as also was proposed for other parts of the world by policies encouraging multifunctional landscapes (e.g. Felipe-Lucia & Comín 2015; Schindler et al. 2016) .
Provisioning ecosystem services (PESs) did not overlap spatially with the higher values of potential biodiversity in the studied area. This provides an advantage for land use planning when conservation and management requirements must be combined. These areas with higher potential biodiversity are neither linked with the areas with highest supply of cultural ES in native N. antarctica forests, because visitors appreciate signs of civilization and accessibility far from the most diverse regions. Unfortunately, such unconnected forest-society relationship underestimate the biological legacy of these native forests. Our results are the first contribution for southern Patagonian forests that underpins scientific and institutional efforts in policies to connect biodiversity conservation with ES maintenance and enhancement its supply. More studies must be addressed for Tierra del Fuego including more ES to reach to definitive conclusions and develop new management alternatives. Incorporating traditional conservation strategies for species and habitat protection within the broader context of social-ecological systems and ES delivery can lead to added benefits for biodiversity through closer integration of conservation policy with policies in other sectors. To date, the strategy was based on maintaining and protecting areas of special interest (land sparing), however it is essential to improve management practices in productive areas to assure the delivery of multiple ES (land sharing). For developing these new management practices it is essential to quantify the synergies and trade-offs between biodiversity and ES provision that should be readily incorporated into decision support tools to foster better spatial planning of ES supply. Finally, it is necessary to consider that our study was conducted in a region with recent European human impact (c.a. 100 years), and further similar studies must be designed in other regions with greater environmental changes.
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